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1
ETCHING OF SILICON OXIDE FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an etching method, etching
system, and etching apparatus for etching a silicon oxide film
formed on a substrate to form a hole, such as a storage node
hole or contact hole, which reaches a contact portion.

2. Description of the Related Art

In recent years, along with an increase in integration of
semiconductor devices, miniaturization of pattern sizes has
been making remarkable progress. For example, in the pro-
cess of manufacturing DRAMs, capacitor electrodes having a
cylindrical shape need to be thinner while they need to be
higher to increase the capacitance. Further, the storage node
holes need to have a higher aspect ratio. The contact holes
also need to have a higher aspect ratio.

Jpn. Pat. Appln. KOKAI Publications No. 2002-313952
discloses a technique for forming a storage node hole or
contact hole having a high aspect ratio and a good shape.

However, where such a deep hole is formed, the hole
becomes thinner before it reaches the contact portion. This
may bring about a difficulty in making sufficient contact
between the contact material inside the hole and the contact
portion. Further, where the hole has a small diameter, it may
be difficult to make sufficient contact, even where the hole has
a good shape.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide an etching
method, etching system, and etching apparatus, which can
form a hole having a high aspect ratio in a silicon oxide film
and reaching a contact portion, while making sufficient con-
tact between a contact material inside the hole and the contact
portion.

According to a first aspect of the present invention, there is
provided an etching method comprising: preparing a target
object such that a first oxide film made of silicon oxide con-
taining at least one of B and P is formed on a substrate, a
second oxide film made of silicon oxide containing neither of
B and P is formed on the first oxide film, and a contact portion
is present below an interface between the first oxide film and
the second oxide film; etching the second oxide film and the
first oxide film, thereby forming a hole reaching the contact
portion; and etching the first oxide film by a dry process using
a gas containing HF, thereby expanding a portion of the hole
adjacent to an upper side of the contact portion and inside the
first oxide film.

In the firstaspect, said forming a hole may be performed by
plasma etching, and said expanding a portion of the hole
adjacent to an upper side of the contact portion may be per-
formed by plasma-less etching. Said expanding a portion of
the hole adjacent to an upper side of the contact portion may
comprise heating the substrate after the dry process using a
gas containing HF. Said expanding a portion of the hole
adjacent to an upper side of the contact portion may be per-
formed under a vacuum pressure.

According to a second aspect of the present invention, there
is provided an etching method performed on a structure in
which a first oxide film made of silicon oxide containing at
least one of B and P is formed on a substrate, a second oxide
film made of silicon oxide containing neither of B and P is
formed on the first oxide film, a contact portion is present
below an interface between the first oxide film and the second
oxide film, and a hole reaching the contact portion is formed
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2

through the second oxide film and the first oxide film, wherein
the method comprises etching the first oxide film by a dry
process using a gas containing HF, thereby expanding a por-
tion of the hole adjacent to an upper side of the contact portion
and inside the first oxide film.

In the second aspect, said etching by a dry process using a
gas containing HF may comprise plasma-less etching. The
method may comprise heating the substrate after the dry
process using a gas containing HF. The dry process using a
gas containing HF may be performed under a vacuum pres-
sure.

According to a third aspect of the present invention, there is
provided an etching system for processing a target object
prepared such that a first oxide film made of silicon oxide
containing at least one of B and P is formed on a substrate, a
second oxide film made of silicon oxide containing neither of
B and P is formed on the first oxide film, and a contact portion
is present below an interface between the first oxide film and
the second oxide film, the etching system being configured to
form a hole reaching the contact portion through the second
oxide film and the first oxide film, wherein the etching system
comprises: a first etching apparatus configured to etch the
second oxide film and the first oxide film to form a hole
reaching the contact portion; a second etching apparatus con-
figured to etch the first oxide film by a dry process using a gas
containing HF, to expand a portion of the hole adjacent to an
upper side of the contact portion and inside the first oxide
film; and a transfer mechanism configured to transfer the
target object between the first etching apparatus and the sec-
ond etching apparatus.

In the third aspect, the second etching apparatus may be
configured to perform etching under a vacuum pressure. The
second etching apparatus may include an etching unit config-
ured to perform etching by the dry process, and a heat pro-
cessing unit configured to perform a heat process thereafter.

According to a fourth aspect of the present invention, there
is provided an etching apparatus for processing a target object
prepared such that a first oxide film made of silicon oxide
containing at least one of B and P is formed on a substrate, a
second oxide film made of silicon oxide containing neither of
B and P is formed on the first oxide film, a contact portion is
present below an interface between the first oxide film and the
second oxide film, and a hole reaching the contact portion is
formed by etching the second oxide film and the first oxide
film, wherein the etching apparatus is configured to etch the
first oxide film by a dry process using a gas containing HF, to
expand a portion of the hole adjacent to an upper side of the
contact portion and inside the first oxide film.

In the fourth aspect, the etching apparatus may be config-
ured to perform etching under a vacuum pressure. The etching
apparatus may include an etching unit configured to perform
etching by the dry process, and a heat processing unit config-
ured to perform a heat process thereafter.

According to a fifth aspect of the present invention, there is
provided a computer readable storage medium that stores a
program for execution on a computer, wherein the program,
when executed, causes the computer to control an etching
system to conduct the etching method according to the first
aspect.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice of
the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumentali-
ties and combinations particularly pointed out hereinafter.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with the
general description given above and the detailed description
of the preferred embodiments given below, serve to explain
the principles of the invention.

FIG. 1 is a flow chart for explaining an etching method
according to an embodiment of the present invention;

FIGS. 2A, 2B, and 2C are sectional views showing steps of
the etching method according to an embodiment of the
present invention;

FIG. 3 is a sectional view showing an etching hole which
becomes thinner before it reaches the contact portion;

FIG. 4 is a sectional view showing a state where a wider
hole portion is formed in a hole, and a contact material is
buried in the hole;

FIG. 5 is a view schematically showing the structure of an
etching system used for performing an etching method
according to the present invention;

FIG. 6 is a side view schematically showing the structure of
an HF-containing gas etching apparatus disposed in the etch-
ing system shown in FIG. 5;

FIG. 7 is a sectional view showing an etching unit disposed
in the HF-containing gas etching apparatus shown in FIG. 6;
and

FIG. 8 is a sectional view showing a heat processing unit
disposed in the HF -containing gas etching apparatus shown in
FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

A preferable embodiment of the present invention will now
be described with reference to the accompanying drawings.

FIG. 1 is a flow chart for explaining an etching method
according to an embodiment of the present invention. FIGS.
2A, 2B, and 2C are sectional views showing steps of the
etching method.

At first, a target object is prepared from a silicon wafer
(which will be simply referred to as a wafer) W, as shown in
FIG. 2A (Step 1). Specifically, a first oxide film 201 made of
silicon oxide containing at least one of B and P is formed on
the surface of a semiconductor substrate 200. A second oxide
film 202 made of silicon oxide containing neither of B and P,
such as a TEOS or HDP film, is formed on the first oxide film
201. A contact portion 203 is present below the interface
between the first oxide film 201 and second oxide film 202.
Examples of silicon oxide containing at least one of B and P
are BPSG (Boro-Phospho Silicate Glass) film containing
both of B and P, BSG (Boro Silicate Glass) film containing B,
and PSG (Phospho Silicate Glass) film containing P.

Then, plasma etching is performed with a resist film or the
like used as an etching mask, so that a hole 204 having a high
aspect ratio and reaching the contact portion 203 is formed
through the second oxide film 202 and first oxide film 201, as
shown in FIG. 2B (Step 2). For this etching, a photolithogra-
phy technique is used for patterning to form a photo-resist
mask or the like, which is then used to perform the etching
with plasma of a suitable process gas commonly used.

Where the hole 204 having a high aspect ratio is formed by
etching, the diameter of the hole tends to be gradually
decreased with progress of the etching. Accordingly, when
the etching proceeds to the contact portion 203, the diameter
of the hole becomes smaller near the contact portion 203, as
shown in FIG. 3, as the case may be. In this case, when a
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contact material is buried in the hole, the contact area between
the contact material and contact portion 203 may be so small
that they cannot provide sufficient contact. Further, where the
hole has a small diameter, it may be difficult to make sufficient
contact, even where the hole has a good shape.

In light of the problem described above, plasma-less etch-
ing is performed by use of a gas containing HF to etch the first
oxide film 201 made of'silicon oxide containing at least one of
B and P (Step 3). In this etching, the first oxide film 201
containing at least one of B and P is preferentially etched,
while the second oxide film 202 containing neither of B and P
is hardly etched. This etching is developed isotropically, so a
wider hole portion 204¢ having a horizontally expanded
shape is formed adjacent to the upper side of the contact
portion 203, as shown in FIG. 2C. In other words, this etching
using a gas containing HF can increase the hole diameter only
near the contact portion 203 without a substantial change in
the shape of the hole 204 inside the second oxide film 202.
Further, this etching using a gas containing HF can provide a
higher etching rate than ordinary plasma etching. In addition,
this etching is plasma-less and thus has a merit such that the
underlying portions and/or adjacent device portions can be
hardly damaged.

As described above, the wider hole portion 204a is formed
adjacent to the contact portion 203, so, when the contact
material 205 is buried in the hole 204, the contact material 205
and contact portion have a larger contact area therebetween,
thereby providing sufficient contact, as shown in FIG. 4.

The first oxide film 201 is etched by HF, because the first
oxide film 201 is made of silicon oxide containing at least one
of B and P, such as a BPSG, BSG, or PSG film, which adsorbs
moisture. When HF gas is supplied in the presence of mois-
ture, HF gas reacts with the moisture and develops etching of
the first oxide film 201. On the other hand, the second oxide
film 202 is made of'silicon oxide containing neither of B and
P, such as a TEOS or HDP film, which adsorbs essentially no
moisture. Accordingly, HF gas can hardly develop etching of
the second oxide film 202.

The gas containing HF may be HF gas alone or a mixture of
HF gas with an inactive gas, such as N, gas or Ar gas. The gas
may further contain another etching gas.

This etching is effective to form a storage node hole or
contact hole having a high aspect ratio.

Next, an explanation will be given of a specific example of
an etching system for performing the etching method
described above. FIG. 5 is a view schematically showing the
structure of the etching system.

This etching system 10 includes a plasma etching appara-
tus 11, an HF-containing gas etching apparatus 12, a transfer
mechanism 13, and a control section 14. The plasma etching
apparatus 11 is used for performing plasma etching to form
the hole 204 in the first oxide film 201 and second oxide film
202. The HF-containing gas etching apparatus 12 is used for
performing plasma-less etching by use of a gas containing HF
to etch the first oxide film 201 made of silicon oxide contain-
ing at least one of B and P. The transfer mechanism 13 is used
for transferring a carrier C that stores wafers W between the
plasma etching apparatus 11 and HF-containing gas etching
apparatus 12. The control section 14 is used for controlling
the process operation of the plasma etching apparatus 11, the
process operation of the HF-containing gas etching apparatus
12, and the transfer operation of the transfer mechanism 13.

The plasma etching apparatus 11 may be formed of an
apparatus of a type commonly used in this field, such as the
capacitive coupling type using parallel-plate electrodes or the
inductive coupling type.
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The HF-containing gas etching apparatus 12 may be
formed of the apparatus shown in FIG. 6. This apparatus
includes an I/O section 61 for carrying in and out wafers W. A
load-lock chamber 62 is disposed adjacent to the /O section
61. An etching unit 63 is disposed to perform an actual etch-
ing process. A heat processing unit 64 is disposed to perform
a heat process after the etching is finished.

The HF-containing gas etching apparatus 12 includes two
sets of the load-lock chamber 62, etching unit 63, and heat
processing unit 64. In each of the sets, the load-lock chamber
62, heat processing unit 64, and etching unit 63 are connected
in series to the /O section 61 in this order. Gate valves (not
shown) are respectively disposed between the I/O section 61
and load-lock chamber 62, between the load-lock chamber 62
and heat processing unit 64, and between the heat processing
unit 64 and etching unit 63, so that these portions can be
selectively opened and closed.

The I/O section 61 includes a transter chamber 71 provided
with a transfer mechanism (not shown) for transferring
wafers W. For example, three tables 72 are disposed on a long
side of the transfer chamber 71, so that carriers C each for
storing wafers W in an arrayed state are respectively placed
on the tables 72. An orienter 73 is disposed adjacent to the
transfer chamber 71 and configured to optically obtain the
amount of eccentricity of a wafer W by rotating the wafer W,
so as to perform alignment of the wafer W. The transfer
mechanism disposed in the transfer chamber 71 is configured
to transfer wafers W one by one among the three carriers C,
orienter 73, and two load-lock chambers 62.

The load-lock chamber 62 is provided with a transfer
mechanism (not shown) disposed therein, and is configured to
switch between atmospheric pressure and a vacuum pressure.
Specifically, the interior of the load-lock chamber 62 is set at
atmospheric pressure, and the gate valve on the I/O section 61
side is opened. Then, a wafer W is transferred by the transfer
mechanism of the transfer chamber 71 from a carrier C onto
the transfer mechanism of the load-lock chamber 62. Then,
the gate valve on the I/O section 61 side is closed, and the
interior of the load-lock chamber 62 is vacuum-exhausted to
avacuum level close to the heat processing unit 64. Then, the
gate valve on the heat processing unit 64 side and the gate
valve between the heat processing unit 64 and etching unit 63
are opened. Then, the wafer W is transferred by the transfer
mechanism to the etching unit 63. After the heat process is
performed on the wafer W in the heat processing unit 64, the
wafer W is returned to the load-lock chamber 62 by the
transfer mechanism. Then, the gate valve on the heat process-
ing unit 64 side is closed, and the interior of the load-lock
chamber 62 is set at atmospheric pressure. Then, the gate
valve on the I/O section 61 side is opened, and the wafer W is
transferred to the I/O section 61.

As shown in FIG. 7, the etching unit 63 includes an airtight
chamber 80 for accommodating a water W. A worktable 81 is
disposed inside the chamber 80 to place the wafer W thereon
in a horizontal state. The worktable 81 is provided with a
temperature control mechanism 82 for adjusting the tempera-
ture of the wafer W at a predetermined value. The chamber 80
has a transfer port (not shown) formed in a side wall to
transfer the wafer W therethrough between the etching unit 63
and heat processing unit 64.

The etching unit 63 is connected to an HF gas supply line
85 for supplying hydrogen fluoride (HF) gas used as an etch-
ing gas into the chamber 80, an N, gas supply line 86 for
supplying nitrogen (N,) gas used as an inactive gas or dilution
gas into the chamber 80, and an exhaust line 87. The HF gas
supply line 85 is connected to an HF gas supply source 90, and
is provided with a flow rate adjustment valve 91 configured to
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open/close the line and to adjust the flow rate of HF gas being
supplied. The N, gas supply line 86 is connected to an N, gas
supply source 95, and is provided with a flow rate adjustment
valve 96 configured to open/close the line and to adjust the
flow rate of N, gas being supplied.

A showerhead 97 is disposed on the ceiling wall of the
chamber 80, and is configured to deliver HF gas and N, gas,
supplied through the HF gas supply line 85 and N, gas supply
line 86, uniformly all over the surface of the wafer W placed
on the worktable 81.

The exhaust line 87 is provided with a pressure controller
100 and an exhaust pump 101 for performing forcible
exhaust. The pressure controller 100 is operated while the
exhaust pump 101 is running, so that the pressure inside the
chamber 80 is adjusted to a predetermined vacuum state.

As shown in FIG. 8, the heat processing unit 64 includes an
airtight chamber 110 for accommodating a wafer W. A work-
table 111 is disposed inside the chamber 110 to place the
wafer W thereon in a horizontal state. The worktable 111 is
provided with a heater 112 for heating the wafer W to a
predetermined temperature. The chamber 110 has a transfer
port (not shown) formed in a side wall to transfer the wafer W
therethrough between the etching unit 63 and heat processing
unit 64, and a transfer port (not shown) formed in a side wall
to transfer the wafer W therethrough between the load-lock
chamber 62 and heat processing unit 64.

The heat processing unit 64 is connected to an N, gas
supply line 115 for supplying N, gas used as an inactive gas or
process atmosphere gas into the chamber 110, and an exhaust
line 116 for exhausting the interior of the chamber 110. The
N, gas supply line 115 is connected to an N, gas supply source
120, and is provided with a flow rate adjustment valve 121
configured to open/close the line and to adjust the flow rate of
N, gas being supplied.

A showerhead 122 is disposed on the ceiling wall of the
chamber 110, and is configured to deliver N, gas, supplied
through the N, gas supply line 115, uniformly all over the
surface of the wafer W placed on the worktable 111.

The exhaust line 116 is provided with a pressure controller
125 and an exhaust pump 126 for performing forcible
exhaust. The pressure controller 125 is operated while the
exhaust pump 126 is running, so that the pressure inside the
chamber 110 is adjusted to a predetermined vacuum state.

The control section 14 includes a process controller 15
comprising a microprocessor (computer) for practically con-
trolling the plasma etching apparatus 11, HF-containing gas
etching apparatus 12, and transfer mechanism 13 of the etch-
ing system 10. The process controller 15 is connected to the
user interface 16, which includes, e.g., a keyboard and a
display, wherein the keyboard is used for an operator to input
commands for operating the etching system 10, and the dis-
play is used for showing visualized images of the operational
status ofthe etching system 10. Further, the process controller
15 is connected to a storage portion 17 that stores various
databases and recipes, i.e., control programs for the process
controller 15 to control the etching system 10 so as to perform
various processes, and control programs for the respective
components of the etching system 10 to perform predeter-
mined processes in accordance with process conditions. The
recipes are stored in a storage medium included in the storage
portion 17. The storage medium may be formed of a medium
of'the stationary type, such as a hard disk, or a medium of the
portable type, such as a CDROM, DVD, or flash memory.
Alternatively, the recipes may be used online while they are
transmitted from another apparatus through, e.g., a dedicated
line, as needed.
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A required recipe is retrieved from the storage portion 17
and executed by the process controller 15 in accordance with
an instruction or the like input through the user interface 16.
Consequently, the etching system 10 can perform a predeter-
mined process under the control of the process controller 15.

In the etching system 10 having the structure described
above, when etching is performed as shown in FIGS. 2A, 2B,
and 2C, a carrier C storing wafers W is transferred by the
transfer mechanism 13 onto the /O section (not shown) of the
plasma etching apparatus 11. Then, wafers W are taken out
one by one, and each of them is subjected to plasma etching
performed on the first oxide film 201 and second oxide film
202 by use of a predetermined process gas to form the hole
204 reaching the contact portion 203. The process conditions
used at this time are suitably determined in accordance with
the apparatus type, process gas type, and so forth.

After the hole 204 is formed by the plasma etching, each of
the wafers W is returned into the carrier C. After a predeter-
mined number of wafers W are thus processed by the plasma
etching, the carrier C is transferred by the transfer mechanism
13 to the HF-containing gas etching apparatus 12.

In the HF-containing gas etching apparatus 12, the carrier
Cis placed on the table 72 of the I/O section 61. Then, wafers
W are taken out one by one from the carrier C by the transfer
mechanism of the transfer chamber 71, and each of them is
transferred into the load-lock chamber 62. After a wafer W is
transferred into the load-lock chamber 62, the gate valve is
closed to set an airtight state inside the load-lock chamber 62.
Then, the interior of the load-lock chamber 62 is vacuum-
exhausted to a vacuum pressure almost equal to the chamber
80 of the etching unit 63 and the chamber 110 of the heat
processing unit 64. Then, the gate valve is opened, so that the
load-lock chamber 62 can communicate with these units.

In this state, the wafer W is first transferred into the cham-
ber 80 of the etching unit 63. Then, the wafer W is placed on
the worktable 81 such that the device formation surface faces
upward. Thereafter, the gate valve is closed to set an airtight
state inside the chamber 80. Then, the temperature of the
wafer W is controlled by the temperature control mechanism
82 to be at a predetermined value of, e.g., 40° C. or less.
Further, the pressure inside the chamber 80 is controlled by
the exhaust pump 101 and pressure controller 100 to be, e.g.,
400 to 4,000 Pa (3 to 30 Torr).

In this state, HF gas is supplied, along with N, gas used as
adilution gas as needed, into the chamber 80. At this time, the
flow rate of HF gas is adjusted by the flow rate adjustment
valve 91 to be 1,000 to 3,000 mL/min (sccm). Where N, gas
is supplied into the chamber 80 along with HF gas used as an
etching gas, heat of the temperature control mechanism 82
built in the worktable 81 is efficiently conducted to the wafer
W, so that the temperature of the wafer W is accurately con-
trolled. The flow rate of N, gas thus supplied is set to be 500
to 3,000 mL/min (sccm).

When HF gas is supplied under a vacuum pressure, as
described above, etching is developed by a reaction of HF gas
with the first oxide film 201 made of silicon oxide containing
at least one of B and P. At this time, a fluosilicate family
product is generated as a reaction product. However, as
described above, silicon oxide containing at least one of B and
P adsorbs moisture, so the reaction is promoted in the pres-
ence of water, and the etching is thereby developed at a high
etching rate.

After this dry etching process using an HF-containing gas
is finished, supply of HF gas is stopped by closing the flow
rate adjustment valve 91. On the other hand, supply of N, gas
is maintained to purge the interior of the chamber 80 with N,
gas.
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When this process in the etching unit 63 is finished, the
reaction product generated by HF gas is in a volatile state due
to the present of moisture, so the product can be evaporated
inside the chamber 80 to some extent. However, in order to
remove the reaction product remaining on the etched surface,
the wafer W is transferred to the heat processing unit 64, after
the etching process. At this time, the gate valve between the
chamber 80 and chamber 110 is opened to set the chambers 80
and 110 to communicate with each other. In this state, the
wafer W is transferred by the transfer mechanism of the
load-lock chamber 62 from the chamber 80 into the chamber
110 of the heat processing unit 64.

In the heat processing unit 64, the wafer W is placed on the
worktable 111 such that the device formation surface faces
upward. Then, the gate valve is closed to set an airtight state
inside the chamber 110 to start a heat process. At this time, the
temperature of the wafer W is set by the heater 112 to be ata
predetermined value of 100 to 400° C. Further, the pressure
inside the chamber 110 is controlled by the exhaust pump 126
and pressure controller 125 to be, e.g., 133 t0 400 Pa (1t0 3
Torr). Then, N, gas is supplied into the chamber 110 at a
predetermined flow rate. At this time, the flow rate of N, gas
is adjusted to be 500 to 3,000 mL/min (sccm). Consequently,
heat of the heater 112 built in the worktable 111 is efficiently
conducted to the wafer W, so that the temperature of the wafer
W is accurately controlled.

When this heat process is finished, supply of N, gas is
stopped by closing the flow rate adjustment valve 121. Then,
the gate valve between the heat processing unit 64 and load-
lock chamber 62 is opened, and the wafer W is transferred
from the heat processing unit 64 into the load-lock chamber
62. Then, the gate valve is closed to set an airtight state inside
the load-lock chamber 62, and the interior of the load-lock
chamber 62 is adjusted to atmospheric pressure. Then, the
load-lock chamber 62 is set to communicate with the I/O
section 61, and the wafer W is returned into the carrier C on
the /O section 61. After a predetermined number of wafers W
are thus processed, the carrier C storing the processed wafers
W is transferred by the transfer mechanism 13 out of the
etching system 10.

In the etching process described above, plasma etching is
performed to form the hole 204 reaching the contact portion
203 through the second oxide film 202 and first oxide film
201. Then, dry etching is performed by use of an HF-contain-
ing gas to etch a portion of the first oxide film 201 near the
contact portion 203 and thereby to form the wider hole por-
tion 204¢a adjacent to the contact portion 203. On the other
hand, the second oxide film 202 is made of silicon oxide
containing neither of B and P, such as a TEOS or HDP film,
which adsorbs essentially no moisture, so etching of the sec-
ond oxide film 202 can hardly be developed. Consequently,
the wider hole portion 204 is formed adjacent to the contact
portion 203 without a substantial change in the shape of that
portion of the hole 204 which corresponds to the second oxide
film 202. Thereafter, when a contact material is buried in the
hole 204, sufficient contact is thereby provided.

As described above, silicon oxide containing at least one of
B and P adsorbs moisture, so, when HF gas is supplied in the
presence of this moisture, HF gas reacts with moisture. Con-
sequently, the silicon oxide containing at least one of B and P
is etched by a gas containing HF. On the other hand, silicon
oxide containing neither of B and P adsorbs essentially no
moisture, so HF gas can hardly develop etching thereof.
According to the embodiment described above, a target
object is prepared such that a first oxide film made of silicon
oxide containing at least one of B and P is formed on a
substrate, a second oxide film made of silicon oxide contain-
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ing neither of B and P is formed on the first oxide film, and a
contact portion is present below the interface between the first
oxide film and second oxide film. Then, a hole reaching the
contact portion is formed in the target object, and then a dry
process is performed by use of a gas containing HF to etch the
first oxide film. At this time, a portion of the hole adjacent to
the upper side of the contact portion is expanded while the
portion of the hole inside the second oxide film is essentially
not expanded. Consequently, when a contact material is bur-
ied in the hole, the contact material and contact portion have
a larger contact area therebetween, thereby providing suffi-
cient contact.

The present invention is not limited to the embodiment
described above, and it may be modified in various manners.
For example, the embodiment described above is exemplified
by a case where plasma etching is used to form a hole, but this
is not limiting. Further, N, gas is used as an inactive gas for a
dilution gas or the like, but another inactive gas, such as Ar
gas, He gas, or Xe gas, may be used for the same purpose.

In the embodiment described above, an explanation has
been given of the principle without specifying applications.
The present invention can be applied to various types of
device formation, as long as they include steps described in
the embodiment.

The present invention is widely applicable to processes for
manufacturing semiconductor devices, while forming a hole
having a high aspect ratio, such as a storage node hole or
contact hole, to make contact with a contact portion.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in its
broader aspects is not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An etching system for processing a target object pre-
pared such that a first oxide film made of silicon oxide con-
taining at least one of B and P is formed on a substrate, a
second oxide film made of silicon oxide containing neither of
B and P is formed on the first oxide film, and a contact portion
is present below an interface between the first oxide film and
the second oxide film, the etching system comprising:

a first etching apparatus configured to etch the second

oxide film and the first oxide film by plasma etching;

a second etching apparatus configured to etch the first
oxide film by plasma-less etching using HF gas and an
inactive gas, the second etching apparatus including an
etching unit configured to perform the plasma-less etch-
ing under a vacuum pressure and a heat processing unit
configured to perform a heat process to the target object
under a vacuum pressure to remove a fluosilicate family
reaction product;

a transfer mechanism configured to transfer the target
object between the first etching apparatus and the second
etching apparatus; and

a control section configured to control operation of the
etching system, the control section including a computer
and a computer readable non-transitory storage medium
that stores a control program, wherein the control pro-
gram, when executed, causes the computer to control the
etching system to conduct an etching sequence which
includes

etching the second oxide film and the first oxide film,
thereby forming a hole reaching the contact portion, by
the plasma etching in the first etching apparatus,
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then transferring the target object from the first etching
apparatus to the second etching apparatus, by use of the
transfer mechanism,

then etching the first oxide film in preference to the second
oxide film by the plasma-less etching using the HF gas
and the inactive gas under a vacuum pressure, thereby
expanding a first portion of the hole adjacent to an upper
side of the contact portion and inside the first oxide film
such that the first portion becomes larger in width than a
second portion of the hole inside the second oxide film,
in the etching unit of the second etching apparatus, and

then performing the heat process to the target object under
a vacuum pressure to remove a fluosilicate family reac-
tion product generated by the plasma-less etching, in the
heat processing unit of the second etching apparatus.

2. The etching system according to claim 1, wherein the

etching unit of the second etching apparatus includes:

a first chamber configured to accommodate the target
object;

a first temperature control mechanism disposed inside the
first chamber and configured to adjust a temperature of
the target object to a predetermined value;

a HF gas supply line connected to the first chamber and
configured to supply the HE gas into the first chamber;
and

a first inactive gas supply line connected to the first cham-
ber and configured to supply the inactive gas into the first
Chamber, wherein the heat processing unit of the second
etching apparatus includes:

a second chamber configured to accommodate the target
object;

a second temperature control mechanism disposed inside
the second chamber and configured to adjust a tempera-
ture of the target object at a predetermined value; and

a second inactive gas supply line connected to the second
chamber and configured to supply an inactive gas into
the second chamber; and wherein the etching sequence
includes:

performing the plasma-less etching in the first chamber
with. the target object placed therein, by supplying the
gas and the inactive gas into the first chamber, and con-
trolling a temperature of the target object by conducting
heat from the first temperature control mechanism to the
target object; and

then performing the heat process in the second chamber
with. the target object placed therein, by supplying the
inactive gas into the second chamber, and controlling a
temperature of the target object by conducting heat from
the second temperature control mechanism to the target
object.

3. The etching system according to claim 2, wherein the
etching sequence further includes continuing supply of the
inactive gas while stopping supply of the HF gas into the first
chamber of the etching unit of the second etching apparatus
after the plasma-less etching, to perform purging inside the
first chamber with the inactive gas.

4. The etching system according to claim 2, wherein the
etching unit of the second etching apparatus includes a first
worktable disposed inside the first chamber and configured to
place the target object thereon, and the first worktable is
equipped with the first temperature control mechanism, and

wherein the heat processing unit of the second etching
apparatus includes a second worktable disposed inside
the second chamber and configured to place the target
object thereon, and the second worktable is equipped
with the second temperature control mechanism.
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5. The etching system according to claim 1, wherein the
plasma-less etching is performed with a process temperature
0t'40° C. orless and a process pressure 0f 400 to 4,000 Pa, and
the heat process is performed with a process temperature of
100 to 400° C. and a process pressure of 133 to 400 Pa.

6. The etching system according to claim 5, wherein the
plasma-less etching is performed by supplying the HF gas at
a flow rate of 1,000 to 3,000 mL/min, and supplying N, gas
used as the inactive gas at a flow rate of 500 to 3,000 mL/min.
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